The occurrence of the nematode Angiostrongylus vasorum, also known as the French heartworm, is increasingly being reported from various European countries. The adults of this parasite species live in the pulmonary arteries and right cardiac ventricle of wild canids and domestic dogs. Larval stages and eggs in the lungs induce inflammatory verminous pneumonia, causing severe respiratory disease in dogs. Furthermore, haematological and neurological signs and even death may occur. In Hungary, A. vasorum has been identified in red foxes, golden jackals and in two dogs and some slugs. In this first large-scale survey, 1247 sera from pet dogs were collected and tested by an ELISA for the detection of circulating antigen of A. vasorum and by a separate ELISA to detect specific antibodies against the parasite. A total of 1.36% (n = 17, 95 % confidence intervals, CI: 0.80 -2.17 %) of the animals were positive in both ELISAs, while 1.76 % (n = 22, CI: 1.11 -2.66 %) of the tested dogs were antigen-positive only and 2.73 % (n = 34, CI: 1.90 -3.79 %) were positive for specific antibodies only. Regions with antigen-and antibodypositive animals overlapped and were distributed over nearly the whole sampled areas of the country. A considerable number of cases was observed in Budapest and also in the southern part of the country bordering Croatia, while in the most eastern part bordering Ukraine no positive samples were detected. These results confirm the endemic occurrence of A. vasorum in dogs originating from different parts of Hungary and the significant advantages of A. vasorum serology in epidemiological studies.
Introduction
Canine angiostrongylosis is a potentially fatal disease caused by the metastrongylid nematode Angiostrongylus vasorum, which is increasingly being reported throughout Europe. The adult parasite lives in the pulmonary arteries and right cardiac ventricle of dogs, foxes and other wild carnivores, which are infected through the ingestion of obligatory intermediate hosts (snails or slugs) (Guilhon and Bressou 1960; Guilhon and Cens 1973) or paratenic hosts (Bolt et al. 1993) containing the infectious third stage larvae. Clinical signs in dogs most frequently include respiratory signs such as coughing and dyspnoea, but a broad range of further signs indicating coagulopathies or neurological dysfunctions (Chapman et al. 2004; Staebler et al. 2005; Wessmann et al. 2006; Koch and Willesen 2009) , may be the signs most obvious to clinicians and animal owners. This variability and the fact that the disease is often in an advanced stage when noticed by the animal owners make the diagnosis of A. vasorum infections challenging but important: the sooner an appropriate anthelmintic treatment is initiated, the better for the clinical recovery of the dogs and limitation of damage, especially to lung tissues (Dennler et al. 2011; Schnyder et al. 2009) . A fundamental role in the early diagnosis of infections is played by awareness of the local occurrence of the parasite and, correspondingly, disease awareness among vets and animal owners. The endemic occurrence of A. vasorum is obviously linked to the presence of final hosts, among which red foxes represent an important wild reservoir, and the intermediate hosts, i.e. a broad range of snail and slug species (Eckert and Lämmler 1972; Ferdushy et al. 2009; Patel et al. 2014) . Interestingly, although both final and intermediate hosts are widely present, the distribution of foxes and dogs affected by A. vasorum is scattered (Morgan 2014) , and the reasons for this patchy distribution are not yet fully understood. Accordingly, it is particularly important to have good knowledge of the occurrence of A. vasorum in a specific catchment area of a veterinary practice. Southern France (Guilhon and Cens 1969; Bourdeau 1993) , Ireland (Dodd 1973) , south-east England and Wales (Jacobs and Prole 1975; Simpson and Neal 1982) and Denmark (Bolt et al. 1992 ) have traditionally been endemic foci of A. vasorum; in the past two decades there has additionally been a sharp increase in reports from other countries in central Europe (Staebler et al. 2005; Barutzki and Schaper 2009) , the Iberian peninsula (Segovia et al. 2004; Manas et al. 2005; Alho et al. 2014; ) and also from Italy (Della Santa et al. 2002; Guardone et al. 2013) , Greece (Papazahariadou et al. 2007 ) and Croatia (Rajkovic-Janje et al. 2002) . Very recent case reports from eastern European countries describe the presence of the parasite in dogs from Poland (Demiaszkiewicz et al. 2014) and Slovakia (Miterpakova et al. 2014) . In Hungary, which has common borders with Slovakia and Croatia, A. vasorum was first identified in 5 out of 100 red foxes shot in the western and southern counties of the country (Sréter et al. 2003) , in two golden jackals (Canis aureus) (Takács et al. 2013) and also in two dogs and some slugs from close to the Croatian border diagnosed as being positive (Majoros et al. 2010 ). The long-standing method for confirmation of clinical suspicion of dogs infected with A. vasorum, once the dogs are patent at approximately 40 -57 days post infection (Guilhon and Cens 1973; Schnyder et al. 2010) , is the detection of first stage larvae in faeces performed with the Baermann-Wetzel technique . However, by the time dogs start to be Baermann-positive, damage to the lung parenchyma is already present (Dennler et al. 2011; Guilhon and Cens 1969; Neff 1971 ). In addition, copromicroscopic methods have limitations concerning sensitivity and specificity due to variable larval excretion and the presence of other lungworm larvae (e.g. of Crenosoma vulpis) that may be excreted. Among the more recently applied techniques such as PCR AlSabi et al. 2010 ) and serological methods (Cury et al. 1996; Verzberger-Epshtein et al. 2008 ) for the detection of infected animals, serological methods have been shown to be highly suitable for both individual and population studies (Guardone et al. 2013; Schnyder et al. 2013a) . Notably, mass screening with ELISAs is a valid and affordable method for investigation of large dog populations. The aim of this study was to perform a seroepidemiological survey for the detection of circulating antigens of A. vasorum and of specific antibodies in sera of dogs originating from Hungary in order to increase knowledge of the presence of A. vasorum in dogs from this country.
Materials and methods
Sera of 1247 dogs from Hungary were collected from dogs attending veterinary clinics for different reasons. Subsamples were sent to the Institute of Parasitology, Vetsuisse Faculty, University of Zurich, Switzerland and were analysed for the presence of circulating A. vasorum antigens using monoclonal and polyclonal antibodies in a sandwich ELISA with a sensitivity of 95.7 % and a specificity of 94.0 %, as previously described . Additionally, a sandwich ELISA (sensitivity 81.0 %, specificity 98.8 %) using A. vasorum adult somatic antigen purified by monoclonal antibodies (mAb Av 5/5) was used for specific antibody detection (Schucan et al. 2012) . Test thresholds were regionally determined with 300 randomly selected samples based on the mean value of optical density (A 405 nm ) plus 3 (antigen detection) or 4 (antibody detection) standard deviations. All test runs included a background control, a conjugate control, three positive control sera from three experimentally infected dogs and two negative control sera from uninfected dogs. The collected data were analysed by a geographical information system (GIS) using the program RegioGraph 10 (GfK GeoMarketing, Bruchsal, Germany) to visualize the regional distribution of collected and analysed serum samples and A. vasorum antigen-and/or antibody-positive samples. The locations of positive samples were displayed on maps with administrative and postcode boundaries based on the three-digit postcodes of Hungary as points of reference. Excel 2007 for Windows (Microsoft Corporation, Redmond, USA) was used to calculate the prevalence values and the 95 % confidence interval (CI) of prevalence values.
Results
The seropositivity of all tested samples is summarised in Table 1 . A total of 1.36 % (n = 17, confidence intervals, CI: 0.80 -2.17 %) of the animals were positive in both ELISAs, while 1.76 % of the tested dogs were only antigen-positive and 2.73 % were positive for specific antibodies only. The locations of positive sera are shown in Fig. 1a -c. Regions with antigen-and antibody-positive animals overlapped and were distributed over nearly the whole sampled areas of the country. The area of Budapest is enlarged, showing a considerable number of cases. An accumulation of cases can also be observed in the southern part of the country bordering Croatia, while in the most eastern part bordering Ukraine no positive samples were detected.
Discussion
With 1.36 % of the examined dogs being positive in both ELISAs, the prevalence in Hungary is significantly higher than that found for Germany (Schnyder et al. 2013a ), Italy (Guardone et al. 2013) or Poland (Schnyder et al. 2013b) , which were all between 0.3 and 0.5 % and all obtained using the same validated procedures. More than 4 % of the dogs were positive for specific antibodies against A. vasorum, indicating parasite exposure: these dogs may have been sampled during the first five weeks after an A. vasorum infection, when antigen detection is still negative, or the dogs were parasite-free but still antibody-positive after anthelmintic treatment or natural clearance of the infection (Schnyder et al. 2013a ). The procedures used, i.e. the combination of both ELISAs, again confirmed their utility for mass screening of dog populations. In contrast to Poland, where testing of more than 3000 sera revealed for the first time the presence of A. vasorum in the country (Schnyder et al. 2013b ) and positive foxes were identified subsequently (Demiaszkiewicz et al. 2014) , the occurrence of A. vasorum in Hungary had already been reported. The parasite had first been described in foxes: 5 of 100 red foxes (Vulpes vulpes) from 16 Hungarian counties dissected in 2002 were positive at necropsy, with four foxes having low worm burdens (1 -7 adult specimens) and a single fox having a moderate worm burden (8 -14 specimens). These foxes originated from the southern and western parts of the country (Sréter et al. 2003) , while none of the surrounding countries had reported cases of A. vasorum at that stage. Two asymptomatic dogs from south-western Hungary were diagnosed positive for A. vasorum based on positive faecal samples (Majoros et al. 2010 ). These cases were followed more recently by further reports of A. vasorum in wild carnivores, for instance in 2 out of 10 golden jackals (Canis aureus) (Takács et al. 2013 ). In a current analysis of the environmental factors having an impact on the distribution of lung worms in foxes based on the dissection of 937 animals, an average prevalence of 17.9 % was detected, with high variations from 0 -59.4 % between counties (Tolnai et al. 2015) . Interestingly, A. vasorum was nearly absent in the eastern and central-southern part of the country, while C. vulpis was also detected in the most eastern part. This latter lung worm species, which is located in the bronchi and bronchioles of dogs and foxes, is also a cause of respiratory diseases and uses snails and slugs as intermediate hosts (Stockdale and Hulland 1970; Unterer et al. 2002) . Its prevalence in foxes in 2013/14 (24.6 %) (Tolnai et al. 2015) was identical to that detected in 2002 (24 %) (Sréter et al. 2003) . Therefore, if the presence of C. vulpis is long-standing and stable in Hungary, data from infected foxes and dogs show that A. vasorum is a more recent phenomenon. The occurrence of canine angiostrongylosis is actually less frequent, and in foxes its dissemination is not as broad as for C. vulpis, although they may share the same intermediate hosts and mollusc species are broadly distributed in Hungary (Sólymos and Fehér 2005) . During the last few decades, reports of animals affected by A. vasorum animals have become more frequent and various reasons for the apparent spread of lung worms have been discussed. Regional climate changes in vector epidemiology and movements in animal populations were taken into account Tolnai et al. 2015) . Dog data collected in this study support the gradual advancement of A. vasorum in eastern Europe: in Hungary the parasite has been detected in parts of the country bordering Croatia in the south and Slovakia in the north, where the parasite has been already reported (Miterpakova et al. 2014; Rajkovic-Janje et al. 2002) , while little is known from the other neighbouring countries (Austria, Romania, Slovenia, Serbia and Ukraine). The evidence of a higher prevalence of all important lungworms (A. vasorum, C. vulpis and Eucoleus aerophilus) in foxes (Sréter et al. 2003; Tolnai et al. 2015) compared to dogs (Koch and Willesen 2009) indicates that wildlife, in the absence of obvious geographical barriers, plays an important role in expansion and establishment of these parasites. Hungary, like many other countries, has implemented successful rabies control programmes (Solymosi et al. 2002) , which implies a massive increase in the fox population. Therefore, it is of general acceptance that foxes contribute essentially to the local distribution and establishment of A. vasorum, while infected dogs that travel long distances may contribute to a broader spread beyond connected endemic areas. The major clinical impact of A. vasorum infections in dogs means that it is of essential importance to increase awareness of the occurrence of A. vasorum among clinicians and dog owners, particularly in previously unreported areas bordering endemic regions, with the aim of preventing fatal cases of canine angiostrongylosis. Newly developed, rapid and easy-to-use commercial devices for use in veterinary practices ) and adequate metaphylactic and prophylactic anthelmintic treatments (Conboy 2001; Willesen et al. 2007; Schnyder et al. 2009 ) allow early diagnosis and consequently a good prognosis for dogs affected by A. vasorum.
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